o C to ensure rapid and complete DNA precipitation. Then the purified DNA strands were spun down using a centrifuge, and then dried under vacuum. The DNA strands were then reconstituted in pure water and their concentrations were measured by absorbance at 260 nm.
Assembly Procedure: The DNA origami frame structure was assembled by mixing M13mp18 DNA (10 nM) and phi X 174 DNA (10 nM) with the helper strands in a 1:1:30 molar ratio in 1×TAE/Mg 2+ buffer (pH 8 The DNA origami frame -DX tile 2D array hybrid was assembled by mixing 1 pmol of purified DNA origami frame (100 µL, 10 nM) with the solutions of the four DX tiles. The amount of each tile was 100 pmol (100 µL, 1 mM). The final 500 µL solution was incubated at 25
overnight. Then the mixture was concentrated to 100 µL using a 100 kD MWCO Amicon centrifugal filter device.
Agarose Gel Electrophoresis Purification:
The assembled frame-array hybrid was loaded onto an agarose gel (0.3% agarose containing 0.5 µg/mL ethidium bromide, 1×TAE/Mg 2+ buffer) and subjected to gel electrophoresis at 80 volts for one hour on an ice-water bath. The product band was excised from the gel and shredded. The shredded gel blocks were transferred into a Freeze 'N Squeeze DNA Gel Extraction Spin Column (Bio-Rad, catalog number: 732-6165) and centrifuged to recover the buffer containing the purified product. The product was then stored at 4 o C and characterized by AFM.
Monomeric Avidin
Resin Purification: 100 µL Monomeric Avidin Resin (Thermo Scientific, catalog number: 53146) suspension was transferred into a SigmaPrep TM spin column (Sigma, catalog number: SC1000). The resin was washed with 1×PBS buffer once (Sigma, catalog number: P4417), then washed with 2 mM biotin solution to block the non-reversible binding sites, and finally regenerated with glycine solution. The resin and biotin modified DNA origami frame -2D array hybrid were mixed and incubated for 30 minutes. The resin bound with the frame-array hybrid was then washed with 1×PBS buffer to remove the free 2D array and DX tiles. The purified frame-array hybrid was then displaced from the resin with 100 µL biotin (2 mM) solution. The solution containing the purified product was then stored at 4 o C and subjected to AFM characterization.
AFM Imaging:
The AFM imaging was performed using a Dimension FastScan AFM (Bruker). The samples (2 µL to 5 µL) were deposited onto freshly cleaved mica (Ted Pella, Inc.) and left to adsorb for 2 min. Buffer (1×TAE/Mg 2+ , 100 µL) was added on top of the sample and the sample was imaged in ScanAsyst in Fluid mode, using ScanAssyst Fluid+ probes (Bruker).
Fluorescence Kinetics: The fluorescence kinetics experiments were performed using a Nanolog fluorometer (Horiba Jobin Yvon). The origami frame was purified with 100 kD MWCO Microcon centrifugal filter devices (Amicon, catalog number: UFC510096) to remove excess helper strands. The concentration of the origami stock solution was 10 nM. The concentration of each tile stock solution was 1 μM. The sample chamber of the fluorometer was preset at 21 o C. 2.4 μL of Tile C solution (labeled with Fluorescein), and 2.4 μL of Tile D solution were added to a 120 μL quartz fluorescence cuvette. 1×TAE/Mg 2+ buffer was added to make the final volume 120 μL. To the reaction with tile/origami at a molar ratio of 100:1, 2.4 μL the purified origami solution was added. To the reaction with tile/origami at a molar ratio of 100:2 or 100:3, the volume of the origami stock solution added was doubled or tripled. The sample was placed in the fluorometer and the time dependence of the intensity was monitored. Then 2.4 μL of Tile A solution (labeled with a black quencher) and 2.4 μL of Tile B solution were added to the cuvette and mixed well. The fluorescence intensity was measured once every 30 seconds, with an integration time of 10 seconds. The fluorescence intensities were first corrected for the volume difference, to a total volume of 124.8 μL after the addition of Tile A and B and then the data
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were corrected for photo bleaching using a control with the same concentration of Tile C and Tile A.
Fluorescence Data:
For each reaction, the first trace is the original data collected by the fluorometer. The second trace is the data after correcting for the volume change. The third trace is the data after correcting for photo bleaching. The fourth trace is the data after normalization, which was used to generate the plots shown in Figure 4C and Figure S11B . Figure S4 ). Lane 3: Origami frame and the four tiles incubated overnight at r.t. The faster band and the smear after it correspond to uncontrolled 2D tile-array of various sizes. The slower band corresponds to the origami-array hybrid, which runs faster than the empty origami frame in Lane 2, because once the frame is fully filled, the structure gets more solid. Lane 4: The four tiles incubated overnight at r.t. without the origami frame. The band and smear correspond to uncontrolled 2D tile-array of various sizes. Figure S7 . AFM image of Frame-array hybrid purified by agarose gel electrophoresis. (A) Zoom-out AFM image of Frame-array hybrid purified by agarose gel electrophoresis. There were quite a few pieces of free 2D array of DX tiles that were not cleanly removed. Note that these 2D arrays had similar sizes as the frame-array hybrid, which mostly showed a filled interior. (B) Zoom-in AFM image of selected Frame-array hybrid purified by agarose gel electrophoresis. The scale bar is 100 nm. Figure S8 . AFM images of Boitin modified frame-array hybrid after purification with monomeric avidin resin. The origami frame was modified with biotin. When purifying with monomeric avidin resin, unmodified tiles and 2D arrays were washed away while the boitin modified frame-array hybrids were bound to the resin. The purified product was then washed off with excess biotin solution. 
Design of the DX Tiles
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AFM Image of DNA Origami Frame -2D Array Hybrid Purified by Agarose Gel Electrophoresis
Boitin Modified DNA Origami Frame -2D Array Hybrid Purified with Monomeric Avidin Resin
